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The underpotential deposition (UPD) of copper onto a selenium-modified smooth
polycrystalline Pt electrode in acidic CuSO, solution was investigated using cyclic
voltammetry. The specific pattern of the Cu UPD observed for a clean Pt electrode
disappears and a new current peak at potentials (E) much closer to the bulk Cu
deposition is formed. This feature of a cyclic voltammogram is similar to that
observed earlier for an initially clean Pt electrode in acidic CuSO, solutions
containing selenite and to that described for an in advance sulphur-modified Pt
electrode in an additive-free CuSO, solution. The model of copper deposition
taking place on two active platinum surface domains, namely, on the free Pt sites
and on the selenium-covered ones, was proposed.
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INTRODUCTION

Much research has been recently carried out using
modified electrodes in various electrochemical sys-
tems. The different aspects of the modification of
metal electrodes by adatoms and the application of
modified electrodes are described in the review
works [1-7].

In this regard the adatoms of selenium play an
important role [3-6, 8-26]. In addition, some Se sub-
stances are known to exert a considerable effect on
the acceleration of Cu electrodeposition from acidic
CuSO, solutions [27-35]. The Cu UPD onto a
smooth polycrystalline Pt electrode from acidic
CuSO, solutions in the presence of selenite was al-
so started to be examined [36-38].

Despite extensive studies devoted to the applica-
tion of selenium-modified noble metal electrodes,
e.g., platinum, for different redox reactions, to our
knowledge, the Cu UPD onto a metallic substrate
modified by selenium has received less, if any, at-
tention. Therefore, continuing our studies on the Cu
UPD onto a modified polycrystalline Pt electrode
(the results obtained with the use of the sulphur-
modified polycrystalline electrode in acidic CuSO,
solution were described in [39]), it is of interest to
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extend the investigation of such a kind, using Pt
electrodes which were subjected to a certain chemi-
cal modification.

The aim of this work was to study the UPD of
copper from acidic CuSO, solution onto a polycrys-
talline Pt electrode modified by selenium.

EXPERIMENTAL

The working solution used was CuSO, 0.001 +
H,SO, 0.5 M. The electrolyte was prepared from
doubly distilled water, salt CuSO,-5H,O (Fluka) pre-
heated at 400 °C for 4 h and highest purity H,SO,
(Russia). Analytical grade H,SeO, recrystallized ad-
ditionally was used for the preparation of solutions
applied to modify the electrode. Prior to each expe-
riment the working solution was deaerated with Ar
gas for 0.5 h.

All experiments were carried out at 20 = 0.1 °C
in a three-electrode thermostated electrochemical
cell. The working electrode was a vertical disc with
a diameter of 105.5 mm made from a polycrystalli-
ne Pt foil (99.99% purity). The counter electrode
was a Pt sheet of ca. 4 cm? in area. The reference
electrode was a Ag/AgCl/KCl(sat.) electrode. In the
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text, all potentials (E) are recalculated with respect
to the standard hydrogen electrode (SHE).

The real electrode surface was determined from
a hydrogen adsorption voltammetric i/E profile re-
corded at 100 mV s™ in 0.5 M H,SO, solution, ta-
king a specific charge of 210 uC for the complete
coverage of 1 cm? of polycrystalline Pt by adsorbed
hydrogen, as reported in [40]. The roughness factor
(f) was obtained to be 2.35 = 0.05. All currents (i)
in the text are recorded as current densities (i, or
i) with respect to the geometric area of the elec-
trode.

The pretreatment of the working electrode prior
to modification was described elsewhere [38]. The
modification of platinum electrode by selenium was
made by adsorption of selenium compound at open-
circuit potential (OCP) in aqueous H,SeO, solution
of different concentration (c) for different time (¢, ),
following the procedure described in [41]. For each
c and also for each ¢ triplicate experiments were
made. The other specific conditions of modification
will be given in an appropriate place of the text or
in Figures. The characterization of the modified Pt
electrode was carried out by cyclic voltammetry (CV)
in 0.5 M H,SO, solution through a decrease of the
charge for hydrogen adsorption. As in the case of a
sulphur-modified Pt electrode [39], the degree of
coverage by selenium (6, ) was evaluated from the
ratio of (QDH,C_QS&H,C)/ (QDH,C_Q*H,C)’ where QDH,C’ QS&H,C
and Q,  are the quantities of electricity associated
with the adsorption of hydrogen in the absence of
adsorbed selenium, in its presence and under the
complete formation of the selenium adlayer, respec-
tively. In particular, the values of 0, were obtained
to be equal to 0.31, 0.33 0.38 or 0.51 when the
selenization of Pt electrode was carried out for
0.5 min in solution containing 0.1, 0.5, 2.0 or 100 mM
H,SeO,, respectively.

The transfer of the selenium-modified Pt elec-
trode to another cell for electrochemical measure-
ments was performed without rinsing, i.e. under pro-
tection of a droplet of solution (the loss of adspe-
cies was not evaluated). The electrode was allowed
to stand at OCP for 3 min, and then E cycling
started, first toward the negative values. Successive
scans were performed until a stationary shape of
CVs was recorded (no more than 20 sweeps). In
separate experiments, the effect of repetitive trian-
gular potential cycling was also monitored.

In the experiments designed to check whether
selenium remains onto a surface of the working
electrode after electrochemical measurements in
H,SO, + CuSO, solution, the potential cycling was

stopped at a respective anodic limit, then the elec-
trode was put into pure 0.5 M H,SO, solution
and the i/E curve was recorded at 50 mV s In
such a manner, the stability of the selenium ad-
layer can be characterized and the potential range
which assures this stability can be evaluated. It
was shown, in particular, that the Se adlayer onto
Pt remained actually unaffected if £ did not ex-
ceed +1.0 V. ’

Cyclic voltammetry was performed using a PI 50-
1 potentiostat, a PR-8 programmer and an LKD-
003 X-Y recorder (all made in Belarus).

The Nernstian potential (E, ) for Cu/Cu** coup-
le was estimated by measuring an open-circuit po-
tential of Cu in the 0.5 M H,SO, + 1-10° M CuSO,
solution and was found to be equal to +0.243 V.

RESULTS

A series of 8 voltammetric i/E profiles for a bare Pt
electrode in 0.5 M H,SO, solution taken from the
same cathodic limit E . = +0.05 V successively to
various anodic limits £ in 0.1 V increments are
shown in Fig. 1a. These i/E profiles were recorded
after a repetitive cycling between E . = +0.05 V
and £ = +1.50 V to attain the steady-state run of
CVs. The general run of the CVs here is quite si-
milar to that reported elsewhere [42]. The set of
CVs in Fig. la serves for a comparison when the
selenium-modified Pt electrode is used for electro-
chemical measurements.

The stabilized potentiodynamic i/E profiles re-
corded to +1.20 V (Fig. 1b) and lower potential
(Fig. 1c) in 0.5 M H,SO, solution for a Pt elec-
trode modified by selenium in solutions of differ-
ent concentration of H,SeO, show that the form
of CVs changes progressively. When the electrode
potential E is cycled in a more narrow interval,
the inhibiting effect of selenium on both the hyd-
rogen adsorption/desorption and the formation of
platinum surface oxide processes becomes more no-
ticeable. A significant diminution of the electric
charge involved in the hydrogen adsorption below
+0.30 V jointly with the blocking effect on plati-
num surface oxidation above ca. +0.80 V (cf.
Fig. 1c) are the main features at first sight. It
was also established that if the upper potential
limit is controlled (actual limits in Fig. 1b,c), the
stabilized CVs are quite stable and reproducible,
thus showing that under these experimental condi-
tions the selenium redox process does not lead to
the formation of soluble selenium species. These
observations agree well with those reported ear-
lier [20, 36, 38, 41, 43]. Therefore, we have not
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Fig. 1. (a) Potentiodynamic profiles for a bare Pt electro-
de in 0.5 M H,SO, recorded at 50 mV s from the same
cathodic limit £ = +0.05 V successively to various ano-
dic limits E__ in 0.1 V increments (in all cases i/E curves
were registered after a repetitive cycling between +0.05
and +1.50 V to attain the stabilized run of curves); (b)
and (c) stabilized potentiodynamic profiles for Pt (curves
1) or Se-modified Pt (curves 2-5) taken from +0.05 V to
E_ = +120 V (b) or +1.00 V (c). Conditions of modi-

S.

fication are shown in b, ¢

gone into details of analysing the CVs presented
here.

Figure 2 shows the variation in the shape of the
stabilized i/E profile in 0.5 M H,SO, + 1-10° M
CuSO, solution depending on the value of anodic
sweep limit for the bare Pt electrode (Fig. 2a) and
for the selenium-modified Pt electrode prepared in so-
lutions of different H,SeO, concentration (Fig. 2b, c).
As in the case of the pure H,SO, solution (Fig. 1),
the stabilized CVs exhibit certain changes in their pro-
file with increasing E_ . The voltammetric profiles ob-
tained for the bare polycrystalline Pt electrode
(Fig. 2a) in Cu**-containing sulphate solution during
the negative-going sweep are in principle consistent
with those recorded for the same electrode in H SO,
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Fig. 2. Stabilized potentiodynamic profiles for a bare Pt
electrode (a) or for a Se-modified Pt electrode (b, c) in
0.5 M H,SO, + 110 M CuSO, solution recorded at 50
mV s from E = +0.20 V successively to various E_,.
Conditions of modification are shown in b, ¢ ’

solution without Cu?* ions (Fig. 1a), naturally with
consideration of typical features of the Cu UPD [38,
44, 45]. In particular, a current peak at ca. +0.75 V
which corresponds to the reduction of surface plati-
num oxide (cf. Fig. 1a, peak Ocl) can be observed in
the negative £ sweep. In the range of ca. +0.70
..+0.25 V, the broad and complex current peak im-
plying several contributions is distinguished, in agre-
ement with previous studies of the Cu UPD [38, 44,
45].

When a Se-modified Pt electrode was used for
the CV, it was obtained that “sclenization” in a so-
lution of low concentration of H,SeO, left the nega-
tive-going voltammetric profiles practically unaffec-
ted (Fig. 2b). As should be expected, the effect of
modification was shown to increase with increasing
the ¢ of H,SeO, in the solution used for the modi-
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fication (Fig. 2c), especially at cycling in the E ran-
ge which is characteristic of the Cu UPD onto po-
lycrystalline Pt [38, 44, 45]. In this case, the specific
pattern of the Cu UPD [38, 44, 45] was somewhat
changed and a new current peak at £ much closer
to the bulk Cu deposition was formed, e.g., the
current peak at +0.25 V (Fig. 2c, curve I). It should
be noted that a similar phenomenon has been ob-
served for a sulphur-modified Pt electrode as well
[45]. In addition, there is a rather good parallelism
between the voltammetric data here for the sele-
nium-modified electrode and those for sulphur-mo-
dified Pt electrode [45] or for an initially bare Pt
electrode in acidic CuSO, solutions with H,SeO, [36,
38], sulphite [39] or other S-containing additives such
as thiourea [46], 4,7-dithiadecyl-1,10-disodiumsulphate
[46], cis-1,2-dicyanoethylene-1,2-dithiolate [47], etc.

It is interesting to note that there are also some
formally similar examples related to the UPD of
other metals under a strong influence of anion ad-
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Fig. 3. Repetitive potentiodynamic profiles for a bare Pt
electrode (a) or for a Se-modified Pt electrode (b) in 0.5
M H,SO, + 1-10° M CuSO, solution recorded at 50 mV
s! between E . = +0.20 and E_, = +1.50 V. Conditions
of modification are shown in b. Arrows show the direc-
tion of a change of current peaks with a number of suc-
cessive cycles

sorption [1]. In particular, it has been reported that,
in the case of the Ag UPD on Au in solutions of
various Cl- concentrations, besides a slight retarda-
tion of the beginning of Ag adsorption at higher
positive E, a new rather sharp peak was observed
with increasing the CI- concentration [48].

In order to obtain an additional information on
the experimental conditions allowing the selenium
adsorbate to be more stable, the effect of continu-
ous cycling sweeps to different £ on the voltam-
metric shape of a selenium-modified Pt electrode
was investigated. Figures 3 and 4 show the typical
sets of CVs recorded at successive cycling, when the
upper limit was decreased stepwise from +1.50 to
+0.85 V. Some findings are worth noting. Firstly,
the sensitivity of cathodic i/E profiles to the number
of cycles (n) was recognized to become much stron-
ger, as the upper limit of sweeps was increased.
The same is true of the anodic half-cycles. Further-
more, when the electrode potential was cycled with-
in the widest interval (Fig. 3 a, b), resolution of
individual waves on the i/E curves became poorer
with increasing n, and the attained stationary vol-
tammetric responses for bare Pt and selenium-mo-
dified Pt were rather similar in shape. This can sug-
gest that the oxidized form of selenium partially de-
sorbs from the electrode surface in the most posi-
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Fig. 4. Repetitive potentiodynamic profiles for a Se-mo-
dified Pt electrode in 0.5 M H,SO, + 1-10° M CuSO,
solution recorded at 50 mV s™! between E_ = +0.20 and
E . = +120 (a) or +0.85 V (D). Conditions of modifi-
cation are shown in b. Arrows show the direction of a
change of current peaks with a number of successive cycles
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tive £ range, in agreement with the consideration in
[14]. Finally, for both the 1st cycle and any of the

H z .
- wA cm PYOS M H,S0.+1107 M QUS04 1
o (SEIPUDS M H S0, +170° MCuS0s 26
240 5| GRS
E.,~085V, E, =02V

180 [~

-
o E
B0
i =05 i,
HySa0y mM
-160 - z 10

3 01
4 2

_. 5 100
| =5 4 ] I
0.2 0.4 06 EV

Fig. 5. Stabilized potentiodynamic profiles for a bare Pt
electrode (I) or for a Se-modified Pt electrode (2-5) re-
corded in 0.5 M H,SO, + 110~ M CuSO, solution at 50
mV s between E = +0.20 and E, = +0.85 V. Modi-
fication was performed in solution with different concen-
trations of H,SeO,
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Fig. 6. Stabilized potentiodynamic profiles for a bare Pt elec-
trode (1) or for a Se-modified Pt electrode (2-4) recorded
in 0.5 M H,SO, + 1-10~ M CuSO, solution at 50 mV s-!
between E_ = +0.20 and E_, = +0.85 V. Modification was
performed in aqueous 110~ (a) or 0.1 mM (b) H,SeO, so-
lution for different immersion time ¢,
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following cycles, the complete i/E profiles are asym-
metric with respect to the potential axis suggesting
the irreversibility of the process under study. Con-
versely, the new cathodic current peak and its coun-
terpeak (Fig. 5, 6) seem to approach the pair of
reversible peaks related to the UPD/stripping, since
the peak potential separation is close to 60 mV for
the differently prepared electrodes and the peaks’
height ratio i /i appraches unity with increasing 6,
(cf. Fig. 5, curve 5).

The experimental data obtained also show that
an increase in the H,SeO, concentration (Fig. 5) or
in the length of ¢ (Fig. 6) has a rather slight
effect upon the height and position of the new cur-
rent peak during the cathodic sweep. These factors
exert a more marked effect upon the counterpeak.

DISCUSSION

The electrochemical behaviour of Se(IV) species ir-
reversibly adsorbed onto platinum surface is well do-
cumented [15, 16, 18, 20, 41, 49]. Among the expe-
rimental features which have already been revealed,
several facts relative to the problem to be investiga-
ted here deserve attention.

Firstly, from the chemistry of selenium [43], it
was reasonable to assign the selenium surface redox
process at E < +1.0 V to the reaction

Se & Se(IV) + 4e, E°= +074V (1)

(jointly with the formation of adsorbed Se(IV) spe-
cies at higher positive E). So, it has been recogni-
zed that selenium irreversibly adsorbs onto plati-
num(hkl) by immersion in H,SeO, or selenite solu-
tions, and this adsorption leads to the formation of
Se(0) adlayers which undergo a surface redox pro-
cess involving 4 electrons, as was reported, e.g., in
[41]. Then it may be assumed that the same sele-
nium surface redox process is plausible for a poly-
crystalline Pt electrode as well.

Secondly, when an arrangement of foreign atoms
on various substrates has to be discussed, it is ne-
cessary to know the number of substrate sites occu-
pied by a foreign adatom (§). Regarding platinum
as a substrate and selenium as a foreign adatom,
the parameter S was found to be equal to ca. 2 on
polycrystalline platinum [49] and to 3 on Pt(111)
[41].

Thirdly, considering the coverage of platinum by
selenium adatoms, it should be noted that generally
the structure of the selenium adlayer can be estab-
lished in UHV or electrochemical environments. In
particular, the structure of Se overlayer on Pt(111)
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has been studied depending on selenium coverage
under UHV conditions [50]. Although no data are
available on electrochemical environments, it has
been suggested [15] that this structure may be very
similar. Then, the higher stable coverage in the lat-
ter environment will be 0.33, in which each Se ad-
atom blocks three platinum surface atoms[41], and
the selenium adlayer on Pt(111) must correspond to
a (\/§>< \/§)R30° structure [50]. Higher coverages
can be achieved up to a value very close to 0.50
[15] (this value agrees well with the maximum 6, in
UHYV environments [50]). As can be seen, the ex-
perimental values of O, obtained here are practical-
ly the same as those treated above.

Fourthly, considering the aim of our study, some
comments on the coadsorption of Cu and Se on the
polycrystalline Pt electrode seem to be necessary.
The simultaneous electrochemical codeposition of Cu
and Se from aqueous Cu(Il) and Se(IV) solutions
onto various substrates has already been investiga-
ted by several groups (see, e.g., [18, 20]). A review
of different works in this area has recently been
presented in [51]. Based on an analysis of thermo-
dynamic and experimental voltammetric data, these
were aimed at understanding the mechanism of the
formation and dissolution of binary and ternary se-
lenides as separate phases.

From the Pourbaix-like diagram for the
Cu+Se+H,O system at 25 °C, the following reac-
tions have been predicted in the ranges of pH and
E which were pertinent to the studies discussed abo-
ve. In the pH range 0.5-1.5 and at E close to
+0.70 V, a stable Se(IV) species, namely selenite,
has been suggested to reduce to Se(0) [18]:

H,SeO, + 4H* + 4e = Se + 3H,0. )

or, according to the considerations in [20], to Se(-1II)
in the presence of Cu*:

Cu** + H,SeO, + 4H"* + 6¢ < CuSe + 3H,0. (3)

As the electrode potential is further decreased,
the formation of Cu,Se could be expected [20]:

Cu** + CuSe + 2¢ & Cu,Se. 6]

The reduction of CuSe to Cu,Se with the nega-
tive shift of E has also been discussed in [18]. Both
groups of authors have noted that formation of CuSe
occurs at a more positive E than the reduction of
Cu?* to Cu. In relation to this note, it should be
mentioned that a more general thermodynamic treat-

<

ment of such an “underpotential” formation of se-
miconductors has been presented in [52].

From the voltammetric data obtained in the bi-
nary Cu + Se system, it has been observed [18]
that when Cu** and SeO, are present simultaneous-
ly, the reduction current starts at a more positive E
than in the absence of either component. It has al-
so been obtained that on the return scan no strip-
ping peak of Cu(0) is observed, suggesting that Cu
is present as Cu, Se rather than as Cu(0) [18]. The
formation of Cu, Se has been proposed to occur
according to the reaction [18]:

H,SeO, + 4H* + (2x)Cu** + (7=x)e = Cu, Se +
+ 3H,0. ©)

Investigations in this field have also been under-
taken in [20]. The cathodic current peak at +0.35
vV (01 M HSO, + 1110° M Cu** + 2410* M
Se(IV), 10 mV s, 1000 rev min™') has been assign-
ed to the reaction:

2Cu** + H,SeO, + 4H* + 8¢ = CuSe +
+ 3H,0. (6)

Based upon an examination of the dependences
of the height of this peak on the potential sweep
rate, Se(IV) concentration and on the electrode ro-
tation speed, it has been assumed [20] that the re-
action (6) is not limited by a mass transport but
rather by a surface process. The formation of Cu,Se
at the current peak mentioned has been characteri-
zed by energy-dispersive X-ray measurements jointly
with scanning electron microscopy. Furthermore, it
has also been supposed that PtSe active sites form-
ed on a Pt electrode at E close to + 0.45 V induce
Se(IV) reduction to Se(-II),, in acidic Se(IV) solu-
tion and that this should be the case in the presen-
ce of Cu** as well [20].

Quite apparently, the electrochemical measure-
ments carried out earlier [18, 20] and those under-
taken here are rather different as to the aims and
experimental conditions. Among such differences, the
deposition of the thicker films of Se compounds un-
dertaken earlier and the formation of submono- or
monolayers of selenium and copper in our study
might be mentioned. Therefore, through a compari-
son of experimental data can provide a useful check,
their interpretation is assumed to be dissimilar.

Now, let us turn to the voltammograms recorded
here for the Se-modified Pt electrode in such an E
range which is known [1-3, 7, 36-38, 44] to be as-
sociated with Cu UPD. It was obtained that the
overall charge underneath the cathodic half-cycle cur-
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ve (Fig. 2) was almost the same irrespective wheth-
er the bare Pt electrode or the Se-modified Pt elec-
trode were applied in LSV experiments. Particular-
ly, such a charge (corrected for double-layer char-
ging) for the bare Pt (cf. Fig. 2a, curve I) or the
selenium-modified Pt (cf. Fig. 2¢, curve 1) was found
to be approximately equal to 1090 or 1010 uC, res-
pectively. Then, taking into account the roughness
factor f = 2.35, these quantities correspond to the
charge densities of ca. 460 or 430 uC cm™, respec-
tively. Both of these quantities are quite close to
those expected for the formation of a complete ze-
ro valent Cu monolayer having the Pt lattice cons-
tant.

Considering that the amount of adsorbed sele-
nium remains constant, i.e. Cu is not capable of
displacing selenium from the Pt WE surface as
pointed out above, the coadsorbed copper and sele-
nium species should be assumed to exist. Then, one
would expect that two possible adlayer structures
might exist: either the segregated adlayers or the
mixed ones. As in the cases of the selenium-modi-
fied Pt(111) electrode applied for Cu and formic
acid oxidation [15, 16] or of the sulphur-modified
polycrystalline Pt electrode used for Cu UPD [39],
discrimination between the two possibilities from the
voltammetric measurements only seems to be not
possible.

However, some voltammetric features observed
in our study suggest that the following interpreta-
tion is likely probable. Since selenium has a larger
atomic radius than platinum (0.160 and 0.138 nm,
respectively), part of platinum sites which have no
selenium adspecies are still isolated with respect to
copper (atomic radius of 0.128 nm) adsorption. Par-
ticularly, this may be the case at 6, > 0.3, as a
geometric room for Cu adatom to be deposited on
Pt is formally insufficient. On the other hand, if it
is assumed that selenium is not uniformly distribu-
ted on the platinum surface and that there is no
strong lateral interaction between the selenium and
copper adspecies, a certain variation in the com-
pactness of selenium adlayer structure may occur. If
this is the case, a certain part of copper adatoms
may be deposited onto platinum at the beginning of
the negative-going potential sweep; in other words,
the formation of mixed selenium-copper adlayer on-
to platinum at a more positive E is believed to be
possible. In our opinion, such a possibility can ex-
plain why a rather minor change in the i/E profile
in the range of higher E is observed when the se-
lenium-modified electrode is applied instead of bare
platinum (cf. Figs. 5, 6b).
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With the further negative E scan, when under
the specific experimental conditions the newly form-
ed current peak can be observed, the formation
of bilayered structure, i.e. deposition of a separate
copper layer on the selenium-covered platinum sur-
face seems to be more reliable as a general trend.
This should be possible assuming that the electron
exchange between the surface and Cu?* can occur
through the relatively open selenium adlayer, as has
been proposed for other systems, e.g., for formic
acid on arsenic- [53] or selenium- [15] modified
Pt(111) electrodes.

In summary, in this work we have demonstrated
that, using the selenium-modified polycrystalline Pt
electrode in an acidic CuSO, solution, the specific
pattern of the Cu UPD observed for a bare Pt
electrode somewhat changed and a new current
peak at potentials much closer to the bulk Cu
deposition appeared. The model of copper deposi-
tion taking place on two active platinum surface
domains, namely, on free Pt sites and on selenium-
covered ones, was proposed. At present, such an
interpretation of voltammetric data is given in a
qualitative way only. Fuller examination on the Cu
UPD onto the selenium-modified polycrystalline Pt
is in progress.

CONCLUSIONS

A specific pattern of the Cu UPD characteristic of
a bare polycrystalline Pt electrode somewhat chan-
ges and a new cathodic current peak at potentials
much closer to the bulk copper deposition appears
when a selenium-modified polycrystalline Pt electro-
de is applied in acidic CuSO, solution. This feature
of the stabilized cyclic voltammograms is similar to
that observed earlier for a sulphur-modified poly-
crystalline Pt electrode in an additive-free acidic
CuSO, solution. A qualitative model of the Cu UPD
taking place on two active platinum electrode surfa-
ce domains, namely, on the free platinum sites in
the range of higher potentials and on the selenium-
covered ones at lower potentials corresponding to
this new current peak was proposed.
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A. Steponavi¢ius, D. Simkiinaité, S. Lichusina

KAI KURIU PRIEDU ITAKA Cu SLUOKSNIU
FORMAVIMUISI POTENCIALU ZONOSE,
TEIGIAMESNESE IR NEIGIAMESNESE UZ
PUSIAUSVYRINE Cu?*/Cu SISTEMOS POTENCIALO
REIKSME, RUGSCIUOSE CuSO, TIRPALUOSE.

6. PRIESVOLTAZINIS Cu NUSODINIMAS ANT
POLIKRISTALINES Pt ELEKTRODO,
MODIFIKUOTO CHEMOSORBUOTU Se

Santrauka

Priesvoltazinis Cu nusodinimas (UPD) ant selenu modifi-
kuoto polikristalinés Pt elektrodo riigé¢ciame CuSO, tirpa-
le buvo tiriamas naudojant cikling voltamperometrijg. Pa-
rodyta, kad Cu UPD ant grynos Pt procesui budinga cik-
linés voltamperogramos (CVA) forma iSnyksta, bet atsi-
randa naujas sroveés maksimumas, kuris yra kur kas ar-
¢iau prie tarinio Cu nusodinimo zonos. Toks CVA bruo-
Zas jau buvo pastebétas anksCiau, kai Cu buvo nusodina-
mas ant Svaraus Pt elektrodo i§ selenito turinciy rigsciy
CuSO, tirpaly arba ant siera modifikuoto Pt elektrodo i$
CuSO, tirpaly be priedy. Pasiiilytas Cu nusodinimo mo-
delis, kuriame atsizvelgta | tai, kad metalas gali buti nu-
sodinamas ant dviejy aktyviy Pt pavirSiaus viety — ant
laisvojo Pt pavirSiaus ir ant adsorbuotu selenu apdengto
pavirsiaus.
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A. Crenonasuuioc, JI. IMnmkynaiite, C. JIuxymmuna

BJIUAHUE HEKOTOPBIX JTOBABOK HA
®OPMHUPOBAHHUE Cu CJIOEB B 30HAX
HEJOHAIIPA)KEHUA U NNEPEHAIIPSKEHUS B
KHUCIBIX CuSO, PACTBOPAX

6. OCAXKJIEHHUE Cu B 30HE HEJJOHATIPA)KEHWA
HA NMOJIMKPUCTAJUVIMYECKOM Pt JJIEKTPOJE,
MOANPUTIMPOBAHHOM
XEMHUCOPBUPOBAHHBIM Se

PeswowMme

Ocaxzaenve Cu B 30HE HEIOHANPSHKCHUM Ha INIAJKOH IOJHU-
Kpuctaunyeckoil Pt, mMoauduuupoBaHHOW celeHOM, B
krcnoM CuSO, pacTBOpe HCCIENOBAIOCh C HCIONb30Ba-
HUEM LUKINYEeCKOH BojbramrepoMeTpuu. Crenuduyeckuii
X0 uMkiauueckux BosbramMmorpam (IIBA), naGmomaemsrii
JUIa 9ucToil Pt, ncuesaer, HO MOSBISETCS HOBBIM MUK MPHU
MOTEHNUAaX, HAMHOTO OJIIDKE K 30HE ocaxJeHus (a30Boil
Cu. Taxoe coiictBo LIBA yxxe HaOmromanock paHee, Koraa
ocaxxaenne Cu NpoOBOAMIOCH Ha 4HCTOW Pt M3 KHCIBIX
CuSO, pacTBOpoB, COJEpKAIIMX CEJIEHUT, WIH Ha Pt
3JIEKTPOJIE, MOIMpUIMpoBaHHOM cepold, u3 CuSO, pacTeo-
POB B OTCyTCTBHE A00aBOK. IIpennokeHa Monenb ocaxue-
Husg Cu, B KOTOPOH yUHUTBIBAETCS BO3MOXKHOCTb OCAXJCHUS
MeTaJlla Ha JByX aKTMBHBIX y4acTkax Pt moBepxHocTtu —
Ha uuctoi Pt m Ha Pt moBepxHOCTH, HOKPBHITOM aacop-
OGUPOBAHHBIM CEIEHOM.



